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SECTION I
INTRODUCTION

This special report presents the results of a study
of 3-component short-period ambient seismic noise recorded on the
extended array at Tonto Forest Seismological Observatory (TFO) be'ween
27 August 1965 and | September 1965. The object of the study is the
evaluation of ambient noise characteristics to determine if substantial
ambient noise variations (particularly in the trapped-mode components) exist
across the extended array. The extent of such variations bears directly
on the potentiai contribution of very-large-aperture short-period seis-
mometer arrays to the nuclear blast detection and classification problem.
The study was intended to provide: -

e Evaluation of the data's validity to determine
the feasibility of further analysis

e Determination of ambient seismic noise to
system noise ratios

e Ambient seismic noise absolute spectral
characteristics {(at 20 station locations)

e ldentification of obvious major noise types
and/or sources

However, due to the inherent limitations of the data, absolute values can not
be obtained for the spectra, and the determination of seismic noise to system
noise ratios is not possible.

Of fundamental importance to multichannel filter system
design and application at TFO are the ambient seismic noise field statistics
as measured on a 3-component basis in the short-period {requency range.
Accordingly, this study includes the determinationr 5f spectral shapes,
inferences of time and space stationarity, and identification of dominant
propagation modes. Inherent in these statistical characterizations are
requirements for the analysis of recording and instrumentation system
noise leading to determinution of the usable seismic noise bandwidth of the
recorded data.
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The following section of this report briefly summarizes
the analysis procedures and findings. The next sections describe the
TFO large-aperture crossarray and instrumentation and the data
recording systems. A detailed ~tudy of the analysis procedure is

followed by a presentation of analysis results anc a description of
recommendations for further analysis of ambient nuise at TFO.




SECTION 11
SUMMARY

This section, which summarizes the ambient noise study,
is divided into two parts:

e A brief description of analysis procedures
and vbjectives

¢ Resulting conclusions
A. ANALYSIS PROCEZEDURES AND OBJECTIVES

Two noise samples from the short-period 3-componeat TFO
data libruy’ were chosen, based on usable seismic data for the most
channels operating for an 8-min period. One noise sample was recorded
when abnormally high surface winds prevailed; the other was recorded
during a particularly quiet interval. Each noise sample had been gain-
corrected by the Seismic Data Laboratory (SDL).

Preliminary power density spoctra wcre computed on one
noise sample for the vertical output of a van and for the vertical, radial
and transverse components at a TFO installation. Artialiasing filtering
and 2-to-1 resampling were performed on both noise samples, based on
evaluation of these preliminary noise spectra.

A spectral analysis was performed on the resampled noise
data. These spectra were used to interpret timme and space stationarity,
to determine the usable seismic bandwidth and to display the ratio of
ambient seismic noise to system noise.

A coherence analysis was performed cn the quiet noise
sample. Coherence functions were computed between selected vector
pairs and between vertical and radial, vertical and transverse, and
radial and transverse components at selected stations. The coherence
functions were interpreted for noise isotropy and types.

Analog bandpass frequency filters were applied to the
time traces of the noise samples in order to ideatify dominant propagation
modes. Velocities, directions and periods were determined for observed
wave types from the filtered data.

]
Texas Instruments Incorporated, 196€: Array Research Semiannval Tech.

Baker, C. T., J. Huffmann and T. Scherbzl, 1966: Array Research Spec.
Rpt. No. 12, Data Conllection, Texas Instruments Incorporated, AF 33(657)-
12747, 8 Apr.




B. CONCLUSIONS

The validity of the 1965 TFO crossarray noise data has been
verified by comparison with 1963 noise data, However, due to contamina-
tion by broadband instrumentation noise, the van data were found to be of
little use in conjunction with TFO data.*

it has been determined that gain corrections of the noise
samples are unreliable, making absolute spectral magnitudes unattainable.*
Therefore, the seismic noise to system noise spectral ratios were not
computed.

Over the usable seismic bandwidth from about 0.1 to
1.3 cps (10 to 0. 77 sec), the TFO noise spectra show only minor
variations in spectral shape for like components within a noise sample.
All noise spectra peak within the 4-sec to 6-sec microseism range. This
similarity in spectral shape at all points within the array suggests that the
noise field may be space-stationary. However, the lack of absolute
spectral magnitudes prevents definite conclusions. The similarity of
the 1963 and 1965 noise spectra indicates a degree of time stationarity in
the noise field-—again, somewhat speculative due to the unreliable gain
corrections.

Analog bandpass filtering of the quiet noise displayed
Rayleigh and Love wave energy in the 4-gec to 6-sec microseism band
traveling toward approximately N40°E with a velocity of 3.5 km/sec.
Frequency filtering of the windy noise displayed little evidence of this
trapped-mode energy. In a previous TFO noise analysil.** the
presence of low-velocity Rayleigh and Love wave energy was shown to
be traveling from N6O°E.

The ambient noise, although displaying very similar .
spectra at the TFO stations, was found to possess no significant coherence
for receiver separations of 10 and 66 km, except for some highly coherent
lines in the 4-sec to 6-sec range of the spectra for the quiet noise. Over
the frequency range of interest, receiver separations were such that
coherences significantly greate- than zero could be expected only in a
highly directional noise field or on horizontal instruments oriented along
their separation vector in an isotropic noise field.

‘Tex.u Instruments Incorporated, 1966: Array Research Semiannual Tech.
Rpt. No. 5, Sec. II, AF 33(657)-12747, 1 Jul.

** Texas Instruments Incorporated, 1965: Array Research Semiannual Tech.
Rpt. No. 3, Sec. VI, AF 33(657)-12747, 3 Jun.
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The horizontal seismometer in line with the 4-sec to 6-sec
energy shows a high coherence with the vertical seismometer in that
frequency range, but the transverse horizontal seismometer has very :
small coherence with either. This is additional evidence that the energy
is Rayleigh motion. The presence of Love wave energy on the transverse
seismometer can be inferred from its arrival paitern and lack of
coherence with other seismometers. It was nct possible to determine the
power relationship between the Rayleigh and Love wave modes due to the
absence of absolute spectral values.

Tropical storm Emily, which was positioned of the lower d
Pacific Coast of Baja California during the recording of the quiet noise v
sample, generated the Rayleigh and Love wave energy. The remaining
energy in the usable seismic band of both noise samples is nonisotropic
bodywave noise coming from a predominantly southwest direction. The
bodywave noige i3 observed to be traveling at velocities of 8 km/sec or
greater in the frequency band of 0.25 to 1.2 cps.

»¥.
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SECTION 111

TFO LARGE-APERTURE ARRAY

The twelve 3-component short-period inetallations at
TFO were augmented by eight standard Geotechnical Corporation
LRSM mobile vans to form an exterded large-aperture array. Four

of the vans were located on an appro<imate N53°W line and four on

an approximate N37°E line, as showw in Figure 1. A standard
Geotechnical Corporation 3-componeit short-period sysiem consisting
of vertical, radial and transverse components was nstalled at each
van. The instruments were l.0-sec Benioff seismometers connected
to a phototube amplifier (PTA) operated with a 0.2-sec galvanometer
and a 0.01- to 10.0-cps bandpass filter. A 3-component system
consicting of vertical, radial and transverse components (Figure 2) was
instalied at selected locations of the TFO crossarray. The instruments were
1. 2f,.-sec Johnson-Mathecon seismometers connected to a PTA operated
witt a 0.33-sec galvanometer and a 0.01- to 10.0-cps bandpass filter.
All seismometers were oriented with respect to the Nevada Test Site
(NTS). The van instruments were oriented such that a compressional
wave arriving from the north would produce a positive voltage output

on each instrument of the system (Figure 1). The TFO instruments
produced a positive voltage output for a compressional wave arriving
from the west (Figure 2),

Each leg of the extended array is approximately 200 km
in length and thus spans a large geological area. In Figure 3, there is
some indica‘ion of the wide variations in geology over the extended array.

6 science services divis‘cn
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SECTION 1V

TFO DATA RECORDING SYSTEM

Figure 4 is a block diagram of the data and recording
systems for the 3-component short-period array at TFO. Outputs from
the Benioff seismometers and associated short-period phototube amplifiers
(PTA) at the vans were directed to Astrodata telemetry voltage-controlled
oscillators (VCO) for input to the Bell System and transmission to TFO.
Four channels of data were transmitted from each of the eight vans (one
channel for each instrument and one test channel). Data recovered from
Astrodata telemetry demodulators at TFO were sent to the station
Develocorders and through variable-gain operational amplifiers to the
Astrodata Data Acquisition System.

Outputs from the TFO Johnson-Matheson seismometers and
associated phototube amplifiers were passed through operational amplifiers
to the station distribution system and through isolation amplifiers and
variable-gain operational amplifiers to the Astrodata Data Acquisition
System.

The variable-gain amplifiers used on the input of the
Astrodata Data Acquisition Sysiem were installed especially for the
Texas Instruments data recording so that ambient seismic noise could
be recoried at a sufficiently high level to make best use of the available
dynamic range of the digital system. As indicated by the capacitors
shown in Figure 4, a-c coupling also was especially installed to prevent
restriction of the digital syotem's available dynamic range by d-c offsets
(developed at the PTA and telementry demodulator outputs). The
restricted low-frequency response provided by the a-c coupling also
served to diminish the effects of very low-frequency drifts in the PTA
and telemetry outputs.

Due to the inherent limitations of the recording system. two
types of system noise, in addition to the desired jata, were recorded on
the Astrodata Data Acquisition Syst.m tapes. The noise types are
telemetry and Astrodata system noise, the latter including Astrodata
quantization noise. Figure 4 shows equivalent input points for these
noise types, and Figure 5 shows their level at the input points.

The theoretical Astrodata quantization noise level is
assumed to be 66 db below clipping level; i. e., the least significant bit
level is assumed to represent the quantization noise level. The Astrodata
system noise level is estimated to be no lower than -60 db and is assumed
to be white although it has not been mearured.

10 sclence services cilvision
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The Astrodata quantization noise level is inherent in the
Astrocsta system and is presumed to be recorded as a white noise com-
ponent having no frequency filtering. The Astrodata system noise, which

is developed within the input circuitry to the Astrodata system, is presumed

to be filtered before recording by the system antialias filters, which have
zerc attenuation from 0 to 5 cps and 30 db/octave rejection above 5 cps.
Hence, Astrodata system noise is recorded as a white component from 0
to 5 cps.

Figure 5 shows the theoretical asymptotic responses of the
recording system to telemetry noise and to earth-motion input at the seis-
mometers. The number located by each branch of the responses gives the
rate of change of response in db/octave. Also, the Astrodata noise level
and the Astrodata quantization noise level are indicated.

The telemetry noise response has breakpoints at 0.
and 5 cps (10 and 0.2 sec) cue to a-c coupling and the input filters to
the Astrodata system, respectively. Thus, the telemetry noise is
passed with zero attenuation from 0.1 to 5 cps (10 to 0. 2 sec).

The recording system's response to an earth-motion input
to the seismometer displays a 60-db dynamic range over a bandwidth of
approximately 0.1 to 12 cps (10 to 0.08 sec) for the assume.! Astrodata
system noise level. Figure 5 shows the breakpoints of the seismometer
responses for the vans and TFO. Breakpoints | and 2 are due to the a-c

coupling networks. The 1.0-sec and 1.25-sec seismometers are associated

with breakpoints 3 and 4, respectively, at 0 db. The TFO 0.33-sec PTA
galvanometers cause breakpoint 5. Breakpoint 6 results from both the
Astrodata filters and the van 0.2-sec PTA galvanometers, and breakpoint
7 is due to the Astrodata filters., The PTA bandpass filters cause break-
points 8 and 9.

13 science services division
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SECTION V
PREPROCESSINGC CHORT-PERIOD DATA

Data from the TFO short-period extended array were
recorded by the Astrodata system on IBM-format tapes which were re-
formatted by the Seismic Data Laboratory (SDL) computers. Figure 6
is a block diagram of the processes nerformed by SDL.

The TFO Astrodata tapes, digitized at 20 samplez, sec,
underwent an editing process in which specified events weru physically
located on the tapes. An autocorrelation calibration analysis was per-
formed on calibration tapes from TFO to determine the counts that the
Astrodata system generated per millimicron of earth motion (c/mu) at
1.0 cps for each seismometer. Then, multipliers were computed and
applied to gain-correct all seismometers at 1.0 cps to 90 c¢/mu for low-
gain data and 180 ¢/mu for high-gain data. .

Gain-corrected events then v re reformatted into TIAC®
(Texas Instrumen’s Automatic Computer) compatible IBM tapes which
were subsequentl) translated into TIAC-format tapes for further processing.

Paper playbacks for each event, together with all pertinent
information, were placed in the TFO short-period data library. ** The re-
formatting process proved to be satisfactory for converting data from TFO
Astrodata-format tapes to TIAC-format tapes; however, the calibration
analysis process did not result in properly grin-corrected data. -

Trademark of Texas Instruments Incorporated

*
Texas Instruments Incorporated, 1966: Array Research Semiannual
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SECTION VI
TIAC DATA ANALYSIS

This section details the data processing involved in the TFO
short-period ambient noise study. Figure 7 is a summary flow chart
of the analysis.

A. DESCRIPTION OF NOISE SAMPLES

Two 8-min noise samples (NSH-1F and NSH-36)* were chosen
from the TFO data library. The data were sampled at 50-msec intervals,
for a total record length of 9600 points. Noise sample NSH-1F was recorded
on 27 August 1965 at 05:15:30 GMT when abnormally high surface winds pre-
vailed; noise sample NSH-35 was recorded on ] September 1965 at 06:15:00
GMT during a particularly quiet oeriod. The latter is probably more typical
of average TFO noise.

Noise samples were chosen on the basis of usable seismic
data for the most channels operating for an 8-min period. Omitted from
the analysis were channels with nonseismic noise, clipping and numerous
spikes. Noise sample NSH-1F has 55 usable channels out of 60, and
noise sample NSH-36 has 52 usable channels.

B. ANALYSIS

A preliminary high-resolution power density spectral estimate
was computed over the full Nyquist band (0 to 10 cps) {for the output of a
vertical component of a van and for vertical, radial and transverse com-
ponents at a TFO installation. It was determined that antialiasing filtering
above 5 cps and 2-to-1 resampling would be acceptable.

A 50-point, digital, minimum-phase, antialiasing filter
was designed to provide a gain of unity in the passband from 0 to 4 cps,
to follow a cosine function from 4 to 5 cps, and to maintain a constant
gain of 0.001 from 5 to 10 cps. Figure 8 shows amplitude and phase
responses. The two noise sampies were filtered and 2-to-1 resampled,
yielding data sampled at 100-msec intervals, for a total record length
of 4800 points, Power density spectra were calculated for all available
channels of each noise sample. Appendix A contains the power density
spectra of the resampled data.

Interpretation of the spectra was made for time stationarity;
space stationarity; and spectral shape and magnitude.

*
Ibid (pertaining to the classification system used for events in the TFO
.short-period data library).

16 sclence services division




et . L e G

-

S1sdreuy 23eq DVIL Jo 11eyd mofz ;. sanBig

| 3DN3YIH0Y | 4
AVidsia _. HO-2 VIO [* S-S

VY193dS ALISABQ
AVISI® <1 2m0d 3VINDYH

” 9€-HSN J1dWVS 3ISION L131nd
JT-HSN 31dWYS 3SION AGNIM

ONIgILNY )

AVIISIG | ADNINDINS xunm:
SSVJANYE 907 _




FHART ANCLE IDECETTW
&

Ops.: —
r. — 5
20
i o =tr—r=r—ire
FEIQUENCY jCPu
40 e — g—
A b o i N 1 " 1 A 1 e i i 1 " i E—| — |
0 1 2 3 4 ) [} ? [ ] 9 10

FREQUENCY (CP5)
Figure 8. Amplitude and Phase Responses of the 5-cps Antialias Filter

To evaluate the structure of the ambient noise, analog bandpass
filters were applied to both noise samples to isolate the contents of several
frequency bands. The analog bandpass filters have an attenuation of 18 db/
octave outside the passband and a constant gain in the passband. Filters with
the following passbands were applied and interpreted: 0-0.2 cps, 0.21-0.57 cps,
0.48-0.92 cps and 0.90-1, 20 cps. Appendix B displays the results of the
filtering.

High-resolution (12.4-sec correlations) coherence functions were
computed at three locations, using the resampled quiet noise (NSH-36). The
selected locations were the Heber van (nearest to the TFO crossarray on the
N37°E arm) and Z74 and Z63 at opposite ends of the N37°E arm of the TFO
crossarray. At Heber and Z74, coherences were computed between the verti-
cal and radial, the vertical and transverse, and the radial and transverse com-
ponents. Coherences also were computed between Heber and Z74 and between
Z74 and Z63 for the respective vertical, radial and transverse comnponents.
Coherence functions were interpreted for directional wave types.
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SECTION V11
ANALYSIS RESULTS

Analysis of the ambient noise field at TFO as recorded
by the short-period extended array was performed by computation of ‘
power density spectral estimates and coherence functions and application ;
of analog bandpass filters to the noise time traces. Resulis of the analysis

are described in the-foHowing-peragrapis. A e ’\4”(}' .

Figures 9 through 14 display short portions of\3-component ‘
data from each noise sample recorded at a sample rate of 50 mmsec. A J
distinct difference between the quality of the van data and that 4f TFO is
observed. The van data, telemetered to TFO over telephone lifes,
evidently contain broadband transmission or other system noise \which
distorts or obscures the seismic data. TFO data appear to be of good
seismic quality but are not properly gain-corrected.

A preliminary high-resolution power density spectral
estimate was computed from the quiet noise sample (NSH-36) over the
full Nyquist band (0 to 10 cps) for the vertical component output of a
van (GE Z) ana the vertical, radial and transverse components at TFO
installation Z61. These spectra, d.splayed in Figure 15, indicate the
presence of very little energy above 5 cps in the recorded data because
of the input filters to the Astrodata Data Recording System (Section IV).
The noise samples were resampled 2 to 1 to provide records 4800 points
in length with a 100-msec sample rate.

After the resampling, power density spectral estimates
were computed for all usable cha inels of each noise sample (displayed
in Appendix A).

As a demonstration of the validity of the present data,
Figure 16 presents spectra of noise samples recorded from TFO instruments
261 and Z72. These were first recorded on 20 December 1963 and again on
27 August“1965 and 1 September 1965. Although the 1963 data were
prewhitened before spectral computation* and the 1965 data were not, the
similarity between the spectra is apparent. Note particularly the
correspondence of respective peaks at approximately 0.2, 0.6, 2.1, and
3.6 cps. The uncertainty of the gain correction of the 1965 data precludes
comparisons of absolute spectral levels.

Figure 17 shows examples of two typical van spectra and
two TFO spectra for the three components. The van spectra are generally
whiter than are the TFO spectra and frequently contain extraneous peaks
and other features that identify them as representing energy that is partly
nonseismic. These van spectra indicate that either the data received by
telemetry and recorded at TFO are contaminated with telemetry or other
systemnoise or strong noise sources exist near all of the eight van installations.

— i -
el 4l - LL.

* Texas Instruments Incorporated, 1965: Array Research Semiannual Tech.
Rpt. No. 3, Sec. V, AF 33(657) - 12747, 3 Jun.
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In view of the low probability of the latter and the generally nonseismic
appearance of the van data, use of the van data in conjunction with TFO
data is not likely to produce valid results, and interpretation must be
dore with great care.

As discussed in Section II, gain correction of the short-
period data is not believed to be reliable for all rrcords, - making
.absolute spectral magnitudes unusable. Without absnlite references
for the spectra, the seismic noise to system noi:e spectral ratios
for which this task provides would be meaningless. Consequently,
such ratios were not formed. Spectra of system noise tests have not been
computed because a comparison of van and TFO spectra (Figure 17)
shows that, with most vans, system noige is obviously "arge enough to
compromise the use of the van data. Comparison of the 1963 and 1965 T+O
data (Figure 16) shows that the TFO system noige is low enough so that it
does not hamper analysis.

The TFO array combined with the eight additional vans
provided an array of approximately 200-km aperture. With such a
large array, large variations in the ambient noise field are possible
over the array, making it pertinent to attempt determination of major
noise types, sources and locations. In view of the discovery that
the van data are of limited or no use, the array is reduced effectively
to a 10-km aperture centered at TFO; thus, the probahility of significant
variations in the noise field is considerably reduced, making the
examination of specific noise sources more difficult.

Over the usalle seismic bandwidth trom approxim.-ely 0.1
to 1.3 cps (10.0 to 0. 77 sec), comparison of spectra for all three
components shows only minor variations in spectral shape from one
location to another within the TFO crounsarray, suggesting that significant
noise sources do not exist within the T¥O crossarray. The lack of
reliable gain correctioas precludes meaningful interpretation of any
observed variations in absoclute spectral level in terms of time and
space stationarity.

To evaluate the structure of the ambient noise, analog
bandpass filters were applied to both noise samples to isolate the
contents of certain frequency bands. Appendix B displays the filtered
noise samples.

*
Texas Instruments lacorporated, 1966: Array Research Semiannual Tech.

Rpt, No, 5, Sec. VI, AF33(657)-12747, 1 Jul.

e
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A vivual analysis was performed on the filtered data by
measuring waveiet nioveout along each arm of the TFO crosvarray to
determine wave velocity and direction. Examples of the stepout observed for
the 0.0 cps to 0.20 cps energy is shown by the dots on Figure 18, By mea-
guring the stepout along each leg of the TFO crossarray, it is possible to
deterr 'ne the aupparent horizontal velocity and direction of the propagating mode,

The quiet noise sample ¢xhibited energy in the 4-sec to
6-sec microssismic band on all three components. This energy is
traveling toward approximately N37°E, with a velocity of 3.5 km/sec
(Figure 18) and is observed to have approximately the same stepout onall components.
Thus, it can be attributed to Rayleigh and Love wave energy propagating
across the array. Frequency filtering of the windy noise sample
(recorded several days earlier) displayed little evidence of low-velocity
trapped-mode energy (Appendix B).

To investigate noise types and isotropy, coherence functions
were computed at three locations using the resampled quiet noise (NSH-36).
The locations selected were the Heber van and the TFO installations
Z74 and 263 — all of which lie on a N37°E line. A van was chosen for
use in the coherence computation to investigate the feasibility of using
van data for analysis. The Heber van was selected because it appeared
to hi.ve more valid seismic data than did the other vans. At Heber and
Z 74, coherences were computed b:tween vertical and radial, vertical
and transverse, and radial and tranaverse components. Figures 19 and
20 display these coherences. Coherences also were computed between
Heber and 274 and between 274 and 263 for the respective vertical, radial
and transverse components (Figures 21 and 22).

The ambient noise, although displaying very similar
spectra at the TFO locations, was found to possess no significant
coherence for a receiver separation of 10 km or greater (Figures 21 and
22), except for some highly coherent lines in the 4-sec to 6-sec range of
the spectra for the quiet noire. Over the frequency range of irterest,
receiver separation was sucn that coherences significantly greater than
zero could be expected only for a highly directional noise field or on
horizontal instruments oriented along their separation vector (Figure 23).

The horizontal seisraometer in line with the direction of propa-
gation of the 4-sec to 6-sec energy shows a high coherence with the vertical
seismometer in that frequency range, but the seismometer transverse to
the energy has very small coherences with either (Figures 19 and 20). This
is additional evidence that the energy is Rayleigh motion. The presence of
Love wave eneryy on the transverse seismometer can b= inferred from its
lack of coherence with other seismometers.
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It should be noted that, even in this highly directional '
no. e field, the Heber van displayed less coherence than did the TFO,
reflecting the impaired quality of the van data.

The Rayleigh and Love wave energy observed during &
the quiet noise sample was generated by tropical storm Emily,
which was positioned off the lower coast of Baja California (Figure 24)
during the recording of the noise sample. The higher-velocity energy A
is apparently bodywave 2nergy and is present in both noise samples,
The wind noise on the windy noise sample did not obscure the ambient
noise and appears to be concentrated at approximately 0.4 cps in the
spectrum. The bodywave energy is nonisotropic, coming from a \
predomin>ntly southwest direction and traveling at velocities of 6 km/sec i

or greater in the frequency band of 0. 25 to 1.2 cps. '3
This body wave energy can be grouped into two velocity :,
ranges: 8 km/sec to 10 km/sec; and 14 km/sec or greater. Some of the 8 F

km/sec to 10 km/sec energy is possibly due to conversion of ocean waves
to P and S phases on the western coast of Centra) and North America.
The 14 km/sec or greater energy is probably du: to the circur -Pacific
belt of seismic activity,
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SECTION VIII .
"
RECOMMENDATIONS =
EF i 4
Combining eight additional vans with the TFO array created -. ;
an array of approximately 200-km aperture, making it possible for large > _»_"
variations to exist in the ambient noise field (particularly trapped-mode I__{J'

components) over the array. However, the dizacovery that the van data are
of little seismic validity effectively reduces the array to a 10-km aperture
centered at TFO. Thus, the probability of significant variatione in the
noise field is considerably reduced.

g

The lack of reliable ga. corrections precludes interpretation
of any variations in the noise field on an abzolutc spectral basis, but the
noise field at the TFO array already has been investigated several times
on a spectral basis. »

Therefore, further spectral analysis with these data does not
appear to be justified. A possible exception might involve the use
of some or all of the van data at the lower end of the frequency band
where system noise appears to be less of a problem. However, attempts
to use the van data for this report have met with little success and
further use is recommenaed oniy with careful interpretation and a fuil
realization of the limitations of the data.

The coherence of the field at TFO has been investigated
previously** for vertical components and for a single 3-component group.
Since coherence functiong are independent of gain variations, th« present

ata may be used for further investigation of the noise field coherence on
a 3-component basis for receiver separations from 1 to 10 km.

*
Wherry, M.S., 1965: Noise Analysis for Tonto Forest Seismological

%

Observatory, Tech. Rpt. -~ TFSO, Texas Instruments Incorporated,
16 Aug.

Texas Instruments Incorporated, 1965: Array Research Semiannual
Tech. Rpt. No. 2, AF 33(657)-12747, 15 Nov.

Texas Instruments Incorporated, 1965: Array Research Semiannual
Tech. Rpt. No. 3, AF 33(657)-12747, 3 Jun.

*
Ibid, Semiannual Tech. Rpt. No. 3, Sec. V.
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Figure A-9. Windy Noise Power Density Spectra

-




o

'TTY‘!]TTjT[ITIIIIIIYrYIlT)

1

I
=
(=]
=
=
“
<
=
“
E 3
S
=
~
g

RELATIVE m
1

(i
;

s

TFO RADIAL SE93 (at 2 61

T 11

TTT

Mww*w'w’w

T

TFO TRANSVERSE NE 94 (a1 2 67)

M,

e \‘u\w W'N/H*Nw'.vv‘

lasota da s s b oo oo a0 13

=
- A TFO TRANSVERSE NE 90 (at 2 13)

A

S

_ %\""W‘“ W

:.' \"'V'V\,\M
= TFO RAD(AL SE91 (a2 2 65)

~ \\\,\w WJ\A’W ]

B vx\l

rrr
Ll

& I
R

| I I (O

1k

0 1 2 } 4
FREQUENCY (Cr$)

Figure A-10.

Windy Noise Power Density Spectra

A-10

sclence services division



:
1
|

LT | -

APPENDIX B
FREQUENCY FILTERING




pariddy sdo gz°Q 01 0°0 Jo 2121117 ssedpueg
Yitm (9¢-HSN) @21dweg astoN 32mp jo sjusuodwion 01 °1-g 2indi 3

..............

T s o 1 i

sclence services division

; "
» L . x . 3 -~ ¥

£




d

- molence services diviaion



palfiliy sdd 26 °0 01 8% °0 JO 19311 ssedpueg
Wim (9€-HSN) 21dureg astoN 19ny jo sjusuodwo) OJL ‘g-d 2andig

science services division

%{%&%%%%% b4 1% I o
%ﬁ\(é(/;l)??)l;\()\l’\(/)})\{\z)\/{.a{ A ... L X AAAANAAANA RN AN A /aImmmon
%é(:{iy.é%\))gg. . n.l)\(i\/?'\l\)\)\’))\[(};\(i:\/)\(g)\n/\l%\‘ Imyum

\<)\.r>>>>>)>>)\</l)\<</>\<<l\(}.\();)s$\}\(5)\(>).f> ég,j.\é{%?gg{c?/{gi;:ll

|

A & .\> AT / P} ’ - \.r. . - ..bt Vi " ,Ja - ¥
..”. e u,((_. B S g.ck... . sL)\zv)\.L‘L...a.rr..\.. £ ~ e .r\/)./ - /\/\(...,-.. .\.\,. b .\.. .hb.(..;\z\)\}. v \./{5..1 e
Ta¥, PSS\ fa . A
A A AN AV NN DAANAS A AN NN~y AN N A AAMNAL N SN T
%&g.ﬂ o ......\.\N\\/.J\/\/_b.\....\)c{,? AN S-/.\\;/W(J.M.../i %WS\/)..S)%;?& AN N\l Pﬂ : .
A e e e e s o e i, A
AT, . ANANAANA AN L T AANRANAS L ML S - in
R R R R A R A T P A T N NN A N RN AT N P s N NP e\ [ NN fof AR 00
X (,ﬁaf”%};?a. A A T A A AL R A M A A A AAL D ap AT A e A A AA A g i
,.__.___..u._.._.__-kui 3.51ﬂ.hr”1..‘?.ﬂ:rqﬂf{r AT (./.\.))\,_7\..\,\! v \.,(...)?..(\.../.L/..n.(. ..1\./..,...<.../..S¢...a<¢...(/\. ./n(,/\/)!. .)“ U\W.ﬂ.rﬂ(N\.(qu\(./. N fl\“ T
o \ d .l.l...._...__._ . ..-1...-._ i S Y e O A% e T ..S.. SR R - 5% r ?W s 5 o s /-\M.:o. TR .. R AL A S i ?
AT AN A AT A A AT A AP N I VAN, A N A AR AN Sy s F

_.rr\__r.nh%z;% #a¥
AN\ ,._,,L__...“:,.E._. WA\,
.,......_.J..”._._J?}. ! A

=
/5
-




4

pariddy sdo gz °1 03 06 °0
jo x23113 ssedpueg wium (9c-HSN) 21duzeg asioN 121y jo sywducdwed OJIL “H-g 2andig

UWALARMANAA Al A R ah it kA it Ay, %>f§%§§§${§{% fonriama o 2

MM AN AN AAAAR A SN A e A AAN A, e A A A AN L, VAN A AAMAT N AN N AR AR MAAAAS Y BImaR s
VAN Sf/))?))i[({f?ﬁi\c( AN %%Sf%;-é%{%;gull‘

AR ~ I ————A " A 2 s BT R T Y
A\ [, AAANA, \?‘\(})}J\[}i}li’\(’)}(}l‘i\r} R AYA A A A NS s et Ot \ fot\ s s e\ P\t el T 5 TR Ol

amen M
N S NN P Pt e NP Attt P [N\ NS e\t NS o o NI S SN NSNS NN N A Ca'ary N~ s AN A Lot NS IR T B TR OB
SAAASAAs AN ARANNS S AR ASAANNN ot A AL it PN A\ [ %igé%‘;\%\g lu!ll‘n
NSNS RSN AN Pt e [\ PF ot e A, P S\ o\ WA NN A e A o LT
M ANAAANAANNAAL AL AANIAA AN A AN~ WY g?%f?i&(:r(!\‘(z/?iﬁs PSS A .\<r7\<.l\(<(.,)lii moa
MAAAAARAASN AN A AN AN A AN A AN, )szlltl))\ R e e Y Y e ad e ) LA b S AP A ngc‘?%ri ™o
zé?))\?))?r)\/ BAANAAMAAANAL AAAAASARR, | N e AN LANNAN e AN e A AN Ao mnn ))\ig\())\(!ﬁ;\r)%cg%\/))\(r\?g! 2eme ol

VANV AN MAAAR AN A AAA A AN AN AN ASANAA AN AMANAANAANMAANA S A AANAARAN, ANAANNNNA AN~ TR B S 0o
VAN M AANAAA A ARV A A A AP ASAAAANAL A A AR A AMAA AN AN A MM AV AWM SO AANAAT A Y e 2w ea
A AL PAAACNN DAL AN NP e s AND [N P P At AN ND i PP NN A NS Pm DA s AL AL A PPNPAN NN D AN A rornad NSNS PPN P A DN PP AN o r L TR S
LY, A ~nS\ N S P S Ar S N\r o A T 0 Ol
PRI NSRS PSPPI NSEAG AL IS [ Sf\S IS NPt I NJ NN NSNS NS NSNS PPN PSSP NI\ P sttt NS NN\ N Pttt e PP S NSNS el TR 30 35 O
AN ~AAD " AN ARA LA AANL AP A NINALANNALANNNNNANAN AR | .gggézg‘%%éég ~lll‘m
VAV AN A LAAAAAN LS /A A AAAA AAA AR AA A AN A AL\ [N it N e AP ORI SN\ IP AL NS NP [oenm i IS RPN P e A PN P irinet N NI NPPAS A TR B
N AANPAAAAAAS A e ANALAANAAANS NP AANANANANN A ANNANAAAAAAANNAANAL = A e P AN AN S AAAA AR AN NAA S A AR A S AR e AR A, S TR S

3‘%%2%?% ANAN A ot S S AAS AP At A AP LA A TR 3 Sl
Ifzgéé;;z(z;fl\,{ PRARANAAAAA AR T A S AN A S AMY f.,.)?\,s){s\z((ﬁ?é AAVANAANNANAA AL 2B 3 0
AAANAAANAANAMAAAASAA ANV AMARA AR, A AR A AAAAAAM AR AAALS A A 3\5;?()5\((:«))\,;1\‘1 A BRSNS W AANAPNIAASANA A P NAAAn AR TR Sl
)})72%./.{:35 APPANN ARt NNAANUNLA N A A fea \SJ AN AN AN AAAMANN 35.)\,2<5.? | AL PNV AAA AN VAN WA e Ko

e A %iﬁ?}sgif %h.__.fa..«.._lt_r.... ....._...._,....3._“:,..,._. .__....?_,._.Ir.r. P, kbt ont kel
P e ANASAII AN WA ARl ) v A Al A N AR T ?s).i
;%i:?};}%z};ri u?qfffs!}fj.&rff ._... ._f...
e P Ao fe s\ N, iﬁé_}; LAl Eiflflggi;ﬁﬁggfb}l EEE(%{ i
hﬁgg?%ef AN <¢J.....i.,2.,.r.__..,._...r..__. ! e.:_._..,.r.._..? panlAN cxw......?....??g en
P R T Y P .__._...,..z... AR N NN A N e A,
.._..,._{_.:._.....ltf...?.,._r ).____,.._._._}{.._ Al ) rd.)\:.f.c.!jru.., .r..rz_...._..._-\}. Eggt;%[}
...L.J._.r.n_,._.[._._-( Eé(.f)??f% N .(J.....o_,._.(. AN R, AP RAN 1.,.....)..__._..._.._._.__.__.__..._.__. AYURIVY P
.__.(r. E..ef!f?f: .._.(_.._. anmleenflaaw, ).._.- ?\ic._e._.cl.r?{!i??:;i? }Jigffczibiéi.r{};iﬁl?
..?. MW 3 Ay .,.ﬁ.i.a S ..r.,.: W A Ty preranent s W s.;fﬁ&&i Al ..S%s
o . A AT A e i e ¥ e

™MInA

~
ll llllll

¥ ....
_..r}f I:.,.r.. ..s,__..... .TJ..,.U., ,,..:.. \ee._ Elfw[ff(;l .I,....,Lr.rr...l.,.(t,.l.)?. _..........._.{_._.r _.__.,_?...._......._,_..

division

science services

B-4




vatrddy sdo gz g 03 0 "0 Jo
! z3111g ssedpueqg Yim (J1-HSN) 21dweg astoN Apurpy jo sjusucdwon QI L °§-g 2andig

sclience services dlvision







patddy sdo z4°0 03 8% °0 Jo

13311 ssedpueg @imm (J1-HSN) drdures 3stoN Apurp jo sjuduodwiod OJIY -y-g sanSig €
.
>
v
m
L

| g
(4
°
L
) . — N ~e o~ NS i T PN G 3
N e U e e TN ~ e e e N aTa T Y . L1 Y {1
e 2 - R LT T 1)
S s - e e ~ o tigt 1o
= —r 1 AN nﬂ
~ P e ~— ~ - pren A~ .
S S S ~g _ S 1F !
= — s 790D 00

S
—— SN\ Y e T e e P M PR N S e 1em

10
~ s Nl NSNS s Tt Nt msrennt i T W
N S AN\ v . bt e NSNS o et e st iyt ™ T Ol

T i‘i}?ﬁ\f&i"%‘%‘j 08
%ﬁi}(gi%?lulé({l 2>.|.|)\ sV ‘).((:(4 /a\(llls})?sy? Tea

.,
~



patddy sdd gz 1 03 06°0 JO
13311y ssedpueq yIws (J1-HSN) 21dwreg astoN Apurpy jo sjusuodwion QJL *8-g @andrg

2% W~
[ R 1 1 i 1 ! 1 1 (I I 1 in L] { 1 1 ) 1 1 1 ] 1 L ] [ AR} tn]

IER ERR NN}
= Jmon mon

~~ A AR —— ~.-r e LTy 1]
—a T s
- - s e Pt 1% T°1

—a I on

St ial l L ]

-~ —7 7 00N e Ol

> sImmmon

e - - o Ol U 0
AL Imumen

ral A, == N Iema man
"\ il 1 9% o It OR

sclence services division

= Aph 2om- I 0l
P = 1 BN 0 35 L

-3 1m0 06 o

- = ]

i R T 2.1

. o Fi 2 3 1 ]
- e PP L ]
®lmunes
e e, N I N an
R il 1 90 0 1 O

N — S ki $-3 4
s A oy Silmanen

B-8

" zen
b - lea

— —a Toa
e ——

v ~— T08
e ~ ~810n
v nrea
sz0m
Tem
em

4\)\744_ ~ A == 1]4.( , . Y v \(({.))\(‘,\:\.))\({\I\((l\- It a0~ W“
TR R " ity _.sb.‘_..». 1 \ﬁ.gg{gqg?ﬂb?:. ' 1 1 a\(gﬁ_\t 1.1 }Viﬂl)v T VR

b b}t




